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In this work, CuO thin films about the synthesis of the thin films are prepared on glass 
substrate using spray pyrolysis technique at room temperature different annealing times in 
temperature 450 0C.In order to study the effect of annealing times onthe structural, optical 
and electrical properties.XRD analysis has shown that films with a polycrystalline 
structurehave a(Monoclinic) structure.In addition, the crystallite phase CuO increases with 
increasing of annealing temperature.Moreover, with a preferred orientation along (002) 
peak.The optical properties confirmed that the elaborated films have a transmittance of 
70%. We have found that the band gap energy (Eg) is a decreasing function with respect to 
the annealing temperature time. In addition, the electrical resistivity varies from 18.97 to 
4.58 KOhm.cm for the films grown at different annealing times. 
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1. Introduction 
 
Among metal oxides, copper oxide (CuO) has been an excellent candidate in most 

technological applications.This material is given special attention in different areas of research and 
industries because of its appropriate range of applications.In addition, CuO has been the subject of 
several studies due to its interesting properties as a semiconductor of type p with an optical gap 
equal to or greater than 2.1 eV [1], simplicity of preparation, abundant in nature, low cost and non-
toxic. This material is considered today as one of the most used in photovoltaic module 
technologies for the manufacture of solar cells [2], because of its high solar absorption, low 
thermal emission, good electrical properties and high carrier concentration. This material is also 
promising as an electrode material for the next generation of rechargeable lithium batteries, due to 
its high theoretical capacity, its safety towards the environment. It is also widely used in gas 
sensors. As a result, CuO demands are expected to increase rapidly due to its high quality and 
unique crystal phase. Therefore, this material has been studied to be considered a future material 
because of its encouraging properties in various other applications, including energy materials [3], 
supercapacitors [4], magnetic storage [5], photodetectors [6], spintronics [7]and superconductors 
[8], photocatalysis [9], nanofluids and heat transfer applications, biosensors, and removal of 
inorganic pollutants [10].Based on these considerations, CuO nanostructures also have more 
attractive magnetic properties. Luce Vida A Sayson et al also prepared CuO thin films on stainless 
steel substrates by spraying with a solution and observed the decrease of reduced defects and 
increase of crystallite size by increasing the annealing temperature and other results. The prepared 
layers proved the applicability electrode for supercapacitors[a].(Nanostructured CuO thin film 
deposited on stainless steel using spray pyrolysis as supercapacitor electrode). 

 
 

 
* Corresponding author: daira_radouane@yahoo.fr 
https://doi.org/10.15251/CL.2023.204.277 

https://chalcogen.ro/index.php/journals/chalcogenide-letters
https://chalcogen.ro/index.php/journals/chalcogenide-letters/11-cl/595-volume-20-number-4-april-2023
https://doi.org/10.15251/CL.2023.204.277


278 
 

Haifa Ben Saad et al also prepared CuO thin films on glass substrates by spraying with a 
solution and observed crystallization, reduction of the band gap  energy and increase in thickness 
of the films by increasing the annealing temperature.[b](Investigation on thickness and annealing 
effects on physical properties and electrical circuit model of CuO sprayed thin films) 

The physical properties of copper oxide are strongly related to preparation methods. There 
is a wide variety of techniques for developing thin CuO films. Examples include cathodic[10], sol 
gel method [11], laser ablation[12], thermal evaporation [13] and pyrolysis spray[14, 15].The latter 
was used for the development of our thin films of copper oxide that we subsequently annealed at 
high temperature.This technique has a definite interest; it is a simple technique and makes it 
possible to produce materials of a very high purity. 

This work represents a study of the structural, optical and electrical properties of thin films 
of CuO obtained by pyrolysis spray in discontinuous mode and undergoing an annealing of 
different times in a temperature of 4500 C. 

 
 
2. Preparation method 
 
2.1. Experimental details 
In this work, we deposited thin films CuO by spray pyrolysis method on cleaned glass 

substrates. The device used is very simple; it consists of a manual sprayer, in which we put the 
deposit solution, a sprayer fixed at a distance of 20 cm from the substrate. The nozzle of the 
sprayer is oriented perpendicular to the substrate, a digital thermometer that displays the 
temperature of the substrate heated from a thermocouple placed on its surface. To obtain a film of 
CuO, we sprayed a solution of copper acetate molarity of 0.1 M on substrates of heated glass at 
350 0C for different numbers of sprays from 25 to 150 spray with a step of 25 spray, and after 
obtaining our films. The latter are annealed for 1.2 and 3 hours at a temperature of 4500 C. 

 
2.2. Characterization method 
The structural, optical and electrical were characterized byPhilipsX'Pert diffractometer 

with radiation (λ = 1,54 A0) ,and The Raman signal was recorded using an iHR500 
spectrophotometer equipped with charge-coupled device detector. All measurements were carried 
out at room temperature. The latter scans between 350 and 700 The optical transmission spectra 
was recorded with UV-Visible in the wavelength range 400-1000 nm. Electrical resistivity was 
measured with the four points. The film thickness was measured using a Profilometer, where a 
diamond stylus crosses the sample from the substrate on the oxide film. 

 
 
3. Results and discussion 
 
3.1. Structural characterization 
The XRD results films are shown in Figure 1. The diffraction peaks show that the 

prepared films have a polycrystalline nature. According to the (JCPDS N0 45-0937). The CuO 
crystalline phases have a monoclinic structure with preferential orientation (002) and (111).With 
the increase in annealing time, the peaks become more intense and become narrow for the film that 
was annealedat3 h, revealing the improved crystalline size. 
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Fig. 1. X-ray diffraction patterns of CuO thin films for different Cu annealing time. 
 
 
Furthermore, the lattice parameters of CuO thin films have been calculated from the 

following equations: 
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where a, b, c and β are the lattice parameters for the monoclinic structure, (hkl) are the Miller 
indices and d is the interplanar distance. The results have been shown in Table 1.The variation of 
the lattice parameters is remarkably affected by comparing with CuO without annealing. This 
indicates that annealing has an influence on the crystalline structure. These values are in good 
agreement with the values reported in the literature [18-21], and the standard JCPDS data card 
[22]. 

The variation of the average grain size (D) and the strain ε with annealing of the films 
were calculated from the peak widths, considering the most intense peak (022), we used the 
following relationships[23]: 

 
𝐷𝐷 = 0.9.𝜆𝜆

𝑤𝑤.𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐
                                                                                                   (2) 

𝜀𝜀 = 𝑤𝑤.𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐
4

                                                                                                    (3) 

 
where: λ: is the wavelength of the X-ray beam, θ: the diffraction angle, w: the width at half height 
of the diffraction peak. The variation of the average crystalline and the internal strain for the main 
peak is shown in Table 1. The size of the grains (or crystallizers), varies between 68 and 88.6 nm 
when the annealing time varies between 1 and 3 hours. Increased annealing time causes a clear 
improvement in the structure of copper oxide. When the temperature increases, the atoms will 
have enough energy to diffuse and occupy normal positions in the site, resulting in an increase in 
the crystalline and size of the grains that compose the film. The size values of the crystallizers are 
close to that obtained by Cakmak et al [24]. 
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Table 1. The peak position2θ, FWHM, lattice parameter (a, b and c), crystallite size (D)  
and strain (ε) of the CuO thin films as a function of annealing time. 

 
Samples 2𝞱𝞱(deg.) FWHM a (Å) b ( Å ) c ( Å ) D (nm) ε(%) 

CuO without 
annealing 

34,414 0,330 4.48 3.419 5.47 68 0.5 

CuO: 450°C 1h 34,431 0,302 4.53 3.42 5.38 70 0.47 
CuO: 450°C 2h 34,436 0,301 4.6 3.42 5.23 79.6 0.38 
CuO: 450°C 3h 34,425 0,252 4.67 3.42 5.14 88.6 0.23 

 
 
Figure 2 shows the CuO Raman spectra of our films for different annealing times. The 

Raman spectra are composed of three main modes Ag and 2Bg located at 278.61 cm-1, 332.39 cm-1 
and 616.58 cm-1. These peaks are largely reported in the literature [16, 17]. This confirms the 
presence of a single CuO phase. No other secondary phase modes as Cu2O peaks are present for all 
deposited films. 

 

 
 

Fig. 2. Raman spectra of the deposited thin films for different annealing time. 
 
 
3.2. Optical characterization 
The evolution of the thickness of the films of CuO as a function of the annealing time is 

shown in Figure3. It is noted that the thickness of the films increases with the increase of the 
annealing time, this correlation between the thickness of the films and the annealing time was also 
obtained by Strýhal et al [25]. These authors performed the thickness measurements using 
Rutherford Backscatter Spectroscopy. 

 

 
 

Fig. 3. Variation of the CuO films thickness as a function of the annealing time. 
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Figure 4 shows the optical transmission spectra of the films obtained by different 
annealing times. The mean transmission in the visible region varies, depending on the annealing 
time, between 65 and 15% (Inset of Figure 4), which can be translated by the difference in the 
structure of these films. As expected from the CuO thin films, the resulting films exhibit a high 
absorption in the visible region, however, it decreases after 800 nm to the point that the 
transparency is considerable in the range from 900 nm to 1000 nm. These are the basic 
characteristics of a good selective solar absorber [26]. 

 

 
 

Fig. 4. UV–visible transmittance spectra of the deposited CuO thin films as a function of the annealing  
time. (Inset: Variation of means transmittance as a function of the annealing time). 

 
 
The optical energy gap (Eg) andabsorption coefficient is directly related via the Tauc 

relation [27]: 
 

(𝛼𝛼ℎ𝜗𝜗)2 = 𝐴𝐴�ℎ𝜗𝜗 − 𝐸𝐸𝑔𝑔�                                                                                (4) 
where A constant that characterizes the degree of disorder in an amorphous structure, α: The 
absorption coefficient, Eg: The optical gap expressed in eV and hν: is the energy of a photonby 
plotting (𝛼𝛼ℎ𝜗𝜗)2againstℎ𝜗𝜗, the gap energy can be determined. 

The estimated values of the energy band gap (Eg) of without annealing and annealing CuO 
nanostructures were shown in the (inset of Figure 5). It seems that, among the factors that may 
possibly modify the band gap, the crystalline size of the CuO films is mainly responsible for the 
variation of the band gap. The correlation between crystalline size and band gap was shows in 
Figure 5.  
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Fig 5. Plot of (αhν)2as a function of the photon energy (hν). (Inset: Variation of the band gap energy  
Eg as a function of the annealing time). 

 
 

As a result, we can see the direct correlation between the decreasing band gap energy and 
the increasing crystallite size. Several works reports the tuning of the band gap energy by the grain 
size [28-30] where they suppose a direct correlation between these two parameters. 

 
3.3. Electrical characterization 
The electrical resistivity of the CuO films, determined after annealing, is presented in 

Figure 6 as a function of the annealing time.It is found that the resistivity decrease with increasing 
of annealing temperature. The enhancement in conductivity of CuO thin films is due to improved 
number of oxygen atoms relative to copper atoms in stoichiometric structure of CuO compound 
and this effect may convert the type of conductivity in the semiconductor [31].These results match 
with other references [32-34]. 

 
 

 
 

Fig. 6. Variation of the resistivity as a function of annealing time. 
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4. Conclusion 
 
The work presented focuses on the development and study CuO thin films as a function of 

annealing time. Annealing is carried out after obtaining the thin films using the pyrolysis spray 
technique. This technique makes it possible to obtain deposits with properties that vary according 
to the conditions of elaboration, in order to study the effects of annealing time on properties of the 
thin films carried out. We have characterized CuO films by different methods: X-ray diffraction 
for the study of structural properties, UV-Visible spectroscopy for the study of optical properties, 
and the four-point method for determining the electrical properties of our films. The XRD pattern 
revealed the presence of the monoclinic polycrystalline CuO. The XRD result was confirmed by 
Raman spectroscopy. The lattice parameter b remains mainly constant and the crystallite size 
increased from 68 to 88.6 nm. The increase of the crystallite size was accompanied by a stress 
relaxation. We noted that the thickness of the CuO films increases with the increase in annealing 
time. The optical properties of the thin films of CuO are also influenced by annealing, these films 
are absorbent in UV region and transparent in the visible region, the mean transmittance is of the 
order of 65 % and a minimum of 15 % for a annealing time of 3 h. The band gap energy varies in 
the interval [3.5 to 1.2 eV].The electrical characteristics of the thin films of CuO show that the 
resistivity after annealing decreases to that before annealing. The minimum value obtained always 
for 3 hours of annealing decreases from 18.97 K Ω.cm to 4.58 KΩ.cm. This result is interpreted by 
the increase in the number of carriers of charges. Thus, we can say that film annealing is a 
technique adapted to the development of thin films of CuO of good structural, optical and 
electrical properties. 

 
 
 
Acknowledgments  
 
This work has been supported by the laboratory of LRPCSI, University 20 Août 1955-

Skikda, P.B. 26, Route d’El-Hadaiek, 21000, Skikda, Algeria 
 
 
References 
 

[1] B. Balamurugan, B.R. Mehta, Thin Solid Films, Vol. 396 ,pp. (90-96), (2001); 
https://doi.org/10.1016/S0040-6090(01)01216-0 
[2] R. Lange, Photoelements and their Applications, Reinhold Publishing Co, New York, (1939). 
[3]. S. Seung-Deok, J. Yun-Ho, L. Seung-Hun, S. Hyun-Woo, K. Dong Wan, Nano scale Res. 
Lett. 6, 2 (2011). 
[4]. Y. Jiang, S. Decker, C. Mohs, K. J. Klabunde, J. Catal. 180, 24 (1998); 
https://doi.org/10.1006/jcat.1998.2257 
[5] A. Chowdhuri, V. Gupta, K. Sreenivas, R. Kumar, S. Mozumdar, P.K. Patanjali, Appl. Phys. 
Lett. 84 (2004) 1180-1182; https://doi.org/10.1063/1.1646760 
[6] N. D. Hoa, S. Y. An, N. D. Dung, N. V. Quy, D. Kim, Sensors and Actuators B: 
Chemical,Vol.146,No.1, pp.(239-244),(2010); https://doi.org/10.1016/j.snb.2010.02.045 
[7] E. R. Kari, K. S. Brown, Choi, Chem. Commun. (2006) 3311-3313; 
https://doi.org/10.1039/b604097g 
[8] T. Maruyama, Jpn. J. Appl. Phys. 37(1998) 4099-4102; https://doi.org/10.1143/JJAP.37.4099 
[9] A. Y. Oral, E. Mensur, M. H. Aslan, E. Basaran,MaterChemPhys, 83(1), 140 (2004); 
https://doi.org/10.1016/j.matchemphys.2003.09.015 
[10] J. H. Benjamin, K. Nikolai, L. Ganhua, L. I. - Khan, C. Junhong, Z. Xin, J. Phys. Chem. C 
114 (2010) 2440-2447; https://doi.org/10.1021/jp908850j 
[11] K. Santra, C.K. Sarkar, M.K. Mukherjee and B. Ghosh, Thin Solid Films, 213(1992) 226; 

https://doi.org/10.1016/S0040-6090(01)01216-0
https://doi.org/10.1006/jcat.1998.2257
https://doi.org/10.1063/1.1646760
https://doi.org/10.1016/j.snb.2010.02.045
https://doi.org/10.1039/b604097g
https://doi.org/10.1143/JJAP.37.4099
https://doi.org/10.1016/j.matchemphys.2003.09.015
https://doi.org/10.1021/jp908850j


284 
 
https://doi.org/10.1016/0040-6090(92)90286-K 
[12] A. Chen, H. Long, G. Yang, P. Lu, Vacuum 83 (2009) 927; 
https://doi.org/10.1016/j.vacuum.2008.10.003 
[13] J. Chen, F. Zhang, J. Wang, G. Zhang, B. Miao, X. Fan, J. Alloys Compd. 454 (2008) 268; 
https://doi.org/10.1016/j.jallcom.2006.12.032 
[14] B.Boudjema, R.Daira, A. Kabir, R. Djebien, Materials Sciences forum Vol 895, 2017, 33-36; 
https://doi.org/10.4028/www.scientific.net/MSF.895.33 
[15] R.Daira, A. Kabir, B.Boudjema, C. Sedreati, Solid State Sciences, Vol 104, 2020, 106254; 
https://doi.org/10.1016/j.solidstatesciences.2020.106254 
[16] D. P. Volanti, D. Keyson, L.S. Cavalcante, A.Z. Simoes, M.R. Joya, E.Longo, J. A. Varela, P. 
S. Pizani, A. G. Souza, J. Alloys Compd. 459, 2008; https://doi.org/10.1016/j.jallcom.2007.05.023 
[17] T. Yu, C.H. Sow, A. Gantimahapatruni, F.C. Cheong, Y. Zhu, K.C.Chin, X. Xu, C.T. Lim, Z. 
Shen, J.T.L. Thong, A.T.S. Wee ,Nanotechnology 16,1238, 2005; 
https://doi.org/10.1088/0957-4484/16/8/043 
[18]. T Kimura, Y Sekio, H Nakamura, T Siegrist, P Ramirez Nat Mater 7 p291, 2008; 
https://doi.org/10.1038/nmat2125 
[19]. KF Özyurt, T Serinand, N Serin, J OptoelectronAdv M 11 p1855, 2009. 
[20]. M M Rashad, DA Rayan, AA Ramadan, J Mater Sci Mater Electron 24, 2742-2749. 2013; 
https://doi.org/10.1007/s10854-013-1164-8 
[21]. AM ElSayed, M ShabanSpectrochimica Acta Part A: Molecular and 
BiomolecularSpectroscopy 149:638-646, 2015; https://doi.org/10.1016/j.saa.2015.05.010 
[22]. JCPDS Card No 65-2309 (Monoclinic CuO). 
[23] B. Dennis, Elements of X-Ray Diffraction, third ed., Prentice-Hall International, Upper 
Saddle River, N.J, London, 2000. 
[24] H. S. Cakmak, H. A. Cetinkara, S. Kahraman et al. Superlattices, and Microstructures, 51, 
2012, 421; https://doi.org/10.1016/j.spmi.2012.01.006 
[25] Z. Stryhal, J. Pavlık, S. Novak, A. Mackov, V. Perina, K. Veltruska, Vacuum 67, 2002, 665-
671; https://doi.org/10.1016/S0042-207X(02)00259-2 
[26] K. Han, M. Tao, Sol. Energy Mater. Sol. Cells 93, 2009, 153; 
https://doi.org/10.1016/j.solmat.2008.09.023 
[27] J.I. Pankove, Optical Processing in Semiconductors, Dover, New York, 1971. 
[28] C.V. Ramana, R.J. Smith, O.M. Hussain, Phys. Status Solidi 199 (2003) R4; 
https://doi.org/10.1002/pssa.200309009 
[29] H. Bensouyad, D. Adnane, H. Dehdouh, B. Toubal, M. Brahimi, H. Sedrati, R. Bensaha, J. 
Sol. Gel Sci. Technol. 59 (2011) 546; https://doi.org/10.1007/s10971-011-2525-5 
[30] C. Ton-That, M. Foley, M.R. Phillips, T. Tsuzuki, Z. Smith, J. Alloys Compd. 522 (2012) 
114; https://doi.org/10.1016/j.jallcom.2012.01.116 
[31]. Ghosh M., Rao C. N. R., Chemical PhysicsLetters, Vol. 393, Issue 4-6, August 2004, pp. 
493-497l; https://doi.org/10.1016/j.cplett.2004.06.092 
[32]. Amri A., Duan X. F., Yin C. Y., Jiang Z. T., Mahbubur R. M., Pryor T., Applied Surface 
Science, Vol. 275, 2013, pp. 127-135; https://doi.org/10.1016/j.apsusc.2013.01.081 
[33] Padyath R., Seth J., Babu S. V., Thin Solid Films, Vol. 239, Issue 1, 1994, pp. 8-15; 
https://doi.org/10.1016/0040-6090(94)90101-5 
[34] Drobny V. F., Pulfrey D. L., Thin Solid Films, Vol. 61, 1979, pp. 89-98; 
https://doi.org/10.1016/0040-6090(79)90504-2 
 

https://doi.org/10.1016/0040-6090(92)90286-K
https://doi.org/10.1016/j.vacuum.2008.10.003
https://doi.org/10.1016/j.jallcom.2006.12.032
https://doi.org/10.4028/www.scientific.net/MSF.895.33
https://doi.org/10.1016/j.solidstatesciences.2020.106254
https://doi.org/10.1016/j.jallcom.2007.05.023
https://doi.org/10.1088/0957-4484/16/8/043
https://doi.org/10.1038/nmat2125
https://doi.org/10.1007/s10854-013-1164-8
https://doi.org/10.1016/j.saa.2015.05.010
https://doi.org/10.1016/j.spmi.2012.01.006
https://doi.org/10.1016/S0042-207X(02)00259-2
https://doi.org/10.1016/j.solmat.2008.09.023
https://doi.org/10.1002/pssa.200309009
https://doi.org/10.1007/s10971-011-2525-5
https://doi.org/10.1016/j.jallcom.2012.01.116
https://doi.org/10.1016/j.cplett.2004.06.092
https://doi.org/10.1016/j.apsusc.2013.01.081
https://doi.org/10.1016/0040-6090(94)90101-5
https://doi.org/10.1016/0040-6090(79)90504-2

